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[57] ABSTRACT 
Method of determining polymerase activity by incubat 
ing the polymerase with a template nucleic acid, one 
detectable mononucleoside triphosphate and one im 
mobilizable nucleoside triphosphate, binding the im 
mobilizable nucleotides to a solid phase and detecting 
the bound detectable nucleotides and tests based 
thereon. 
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METHOD OF DETERMINING POLYMERASE 
ACTIVITY 

The invention adresses a method of determining 
polymerase activity, a reagent and a reagent kit for 
implementing said method and the use of said method 
for the detection of HIV. The invention also addresses 
a method of determining the inhibitory effect of sub 
stances on polymerase activities, a method of detecting 
antibodies to polymerase and a method of detecting 
promoter sequences. 

Polymerases are enzymes of fundamental importance 
to living beings. They are responsible, for example, for 
the synthesis of nucleic acids and their transformation 
into other nucleic acids necessary for the synthesis of 
proteins. Polymerases are, therefore, found in all types 
of cells including, for example, bacteria. Even many 
viruses code for their own polymerases. One special 
representative is a polymerase known as reverse tran 
scriptase (RT). 
With the discovery of human pathogenic retroviruses 

in the last decade (Science (1983), 220:868-871, Proc. 
Natl. Acad. Sci. USA (1980), 77:7415-7419 and Bio 
chem. Biophys. Res. Comm. (1984), 121:126-133), the 
detection of the reverse transcriptase (RT), being the 
typical key enzyme of this virus family, has gained more 
and more importance. Numerous improvements of the 
method of determining RT-activity have since been 
described (Virology (1985) 1472326-335). RT-tests are 
commonly used in the following 3 situations: 

1. characterizing a newly isolated virus as a retrovirus 
and to differentiate between different retroviruses, 

2. determining the success of a virus isolation from 
test material of a subject known to be infected with 
a retrovirus or a subject that may be infected and 

3. clarifying the in-vitro effectivity of chemothera 
peutic agents against these enzymatic functions, 
that are essential for retroviruses. 

With respect to the ?rst two of the above mentioned 
?elds of application, the known RT-test is limited in 
that it involves tedious sample preparation (ultracentri 
fugation or PEG precipitation, sensitivity may be too 
low otherwise); as regards the second ?eld of applica 
tion, the competition by sensitive, less expensive and 
simpler methods of antigen detection (ELISA); what 
limits all three of the above ?elds of application is the 
fact that conventional RT-tests use isotope nucleotides 
thus making special demands on the laboratory (equip 
ment, authorization, personnel, waste disposal). 

All methods of detecting enzyme activity of a reverse 
transcriptase, particularly reverse transcriptase of HIV, 
that are known from literature are based on assays, 
where a primer, which is complementary to a partial 
sequence of a template, is extended by incorporating 
labelled nucleotides. Non-incorporated nucleotides are 
usually separated from the extended primer that is 
bound to the template via hydrogen bonds by precipi 
tating the polymer with the aid of trichloroacetic acid 
or ethanol followed by a ?ltration procedure or by 
adsorption of the polymer to a membrane ?lter having 
a positively charged surface (e.g. to DEAE, as de 
scribed in Journal of Virological Methods 19 (1988), 
16l-l68); or by employing any other method suitable to 
separate a negatively charged polymer from a nega 
tively charged monomer. These measures are very te 
dious and require additional handling steps. 
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WO 90/06373 describes a method which uses immo 

bilized nucleic acids as template nucleic acids. A draw 
back of this method is that sufficient speci?c immobili 
zation of this template nucleic acid without obstructing 
the access for enzymes is not possible. The method can, 
hence, be limited by the available amount of reactive 
template nucleic acids. Further, the method produces a 
large number of different nucleic acids for which the 
binding to the solid phase via the template-DNA 
greatly varies as a consequence of different hybridisa 
tion conditions. Moreover, reactions at a solid phase 
generally exhibit poorer kinetics than do reactions in 
solutions. 
Moreover, it has been found that for the quantitative 

determination of HIV-particles, immunoassays for the 
detection of HIV-antigens are not reliable (New En 
gland Journal of Medicine(l989). Vol. 321, 24, 
1673-1675). . ' 

J. Clin. Mircobiology 27 (1989), 7, 1453-1455 and 
AIDS Research and Human Retroviruses 5 (1989), 
535-540 disclose a method of detecting antibodies to 
HIV-RT which is based on the determination of poly 
merase activity in the presence of antibodies to HIV. 
The radioactively labelled nucleic acids synthesized by 
the polymerase are immobilized at membranes in a non~ 
speci?c manner. This method is also very tedious. 

It was, hence, an object of the invention to provide a 
quick, simple, more reliable and more sensitive test for 
polymerase activity. This object has been accomplished 
by the invention. 
The subject matter of the invention is a method of 

determining polymerase activity comprising the follow 
ing steps: ' 

incubating a polymerase-containing sample with a 
template nucleic acid and a detectable mononu 
cleoside triphosphate, 

separating the synthesized nucleic acid from the de 
tectable mononucleoside triphosphate and 

detecting the detectable nucleotides contained in the 
nucleic acids whereby 

the incubating mixture contains, in addition, an im 
mobilizable mononucleoside triphosphate and 

the incubating mixture is brought into contact with 
the solid phase, said solid phase binding selectively 
and essentially completely the immobilizable 
mononucleoside triphosphate and the nucleic acids 
in which the immobilizable nucleotide is incorpo 
rated. 

Further subject matters of the invention include rea 
gents for implementing the method, a method of deter 
mining the inhibitory effect of substances on polymer 
ase activity, a method of detecting antibodies to poly 
merase and a method of detecting promoter sequences. 

Polymerase activity is understood to be the enzy 
matic activity of polymerases to polymerize mononu 
cleoside triphosphates into a nucleotide sequence with 
the aid of a template nucleic acid. In this process, the 
mononucleotides are added to a nucleic acid sequence 
and incorporated into a nucleic acid strand complemen 
tary to a nucleic acid sequence. Depending on the poly 
merase, the resulting product is either a single-stranded 
or a double-stranded nucleic acid. 
There are several types of polymerases which can be 

determined with the method of the invention. These 
polymerases are distinguished according to substrate 
and/ or polymerization product. Examples include 
DNA-dependent RNA-polymerases (type I), such as 
T3-, T7- or E.c0li~RNA-polymerase, DNA-dependent 
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DNA-polymerases (type II), such as Klenow-fragment, 
RNA-dependent DNA-polymerases (type III), such as 
reverse transcriptase, and RNA-dependent RNA 
polymerases (type IV), such as QB- and Picornavirus 
polymerase. In the method of the invention, for exam 
ple, viral reverse transcriptases, especially HIV-reverse 
transcriptase are used as analytes. 

In the present invention the term template nucleic 
acids refers to nucleic acids which function as a sub 
strate of the polymerase or the type of polymerase to be 
determined. Substrates for type I and type II are there 
fore deoxyribonucleic acids, substrates for type III and 
type IV are ribonucleic acids. A deoxyribonucleic acid 
may also serve as a substrate for type 111. To make a 
distinction from type II, however, the preferred sub 
strate is a ribonucleic acid. 
As regards type II and III polymerases, it is possible 

to use heteropolymeric as well as homopolymeric nu 
cleic acids as template nucleic acids. The measurement 
of in-vitro activity of type II or type III-polymerases 
usually requires the addition of primers. 

Testing for type I-polymerases requires the use of a 
nucleic acid having a corresponding speci?c promoter 
such as the lac-promoter from E. coli for Ecoli RNA 
polymerase or promoters from T7-phages for T7-RNA 
polymerase (Chainberlin and Ryan (1982). The En 
zyme, Vol. XV, pp 87-108, ). Conversely, the detection 
of a speci?c promoter requires a speci?c polymerase. 
The template nucleic acids for the determination of 

type IV-polymerases also have speci?c primer struc 
tures including terminal-bound proteins, certain second 
ary structures, etc. These structures depend on the 
polymerase and are known to the expert. 

Mononucleoside triphosphates are the triphosphates 
of nucleosides containing either natural bases such as 
adenine, guanine, cytosine and uracil or thymine or 
arti?cial bases such as aza- and deaza-analogs of the 
natural bases, for example, 7-deaza-2’deoxyguanosine 
triphosphate. The term mononucleoside triphosphates 
refers to monoribonucleoside phosphates or monodeox 
yribonucleoside triphosphates depending on the type of 
polymerase activity to be determined. Types I and IV 
require ribonucleotides, whereas types II and III re 
quire deoxyribonnucleotides. As regards the reverse 
transcriptase, it is possible to use both ribo-as well as 
deoxyribonucleotides. Deoxyribonucleotides are, how 
ever, preferred since the combination of deoxyribonu 
cleotides with ribonucleic acids as template nucleic 
acids is speci?c to type III—polymerases. 

Detectable mononucleoside triphosphates as de?ned 
by the invention are modi?ed triphosphates. This modi 
?cation allows a selective detection of the mononucleo 
tides in the presence of natural mononucleotides, for 
example, in photometric, ?uorometric, radiometric, 
enzymatic or immunological reactions. In a preferred 
manner, the mononucleoside triphosphate has a cova 
lently bound non-radioactive chemical group. This may 
be a dye, a fluorescent label or a component of an immu 
nologic reaction such as an antigen, antibody or hapten. 
Haptens are preferred, with digoxigenin being particu 
larly preferred, because of its high sensitivity. In this 
context, we refer to the disclosure of EP-A-0 324 474 
and EP-A-0 254 090. 

In addition to the detectable mononucleoside triphos 
phate, the present invention also uses an immobilizable 
mononucleoside triphosphate. Immobilization of these 
mononucleotides can be achieved, for example, by co 
valently bound chemical groups which have a speci?c 
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4 
af?nity for a solid phase. In a preferred manner, the 
chemical group is one of the binding partners of a spe 
ci?c combination. Such combinations are, for example, 
antigen-antibody, hapten-antibody, antibody-antibody, 
vitamin-binding protein, cofactor-enzyme and sugar 
binding protein (lectin). A particularly preferred combi 
nation is vitamin-binding protein, especially biotin-avi 
din or biotin-streptavidin, biotin representing the chem 
ical group of the mononucleotide bound via a linker. In 
order to obtain the results intended by the invention, the 
immobilizable mononucleoside triphosphate should be 
different and distinguishable from the detectable mono 
nucleotide. The method is then considerably less sus 
ceptible to interference and less dependent from the 
amount of incorporated nucleotide as compared to the 
case where the mononucleotides are identical. As has 
been shown for biotin- and digoxigenin-nucleotides, the 
respective polymerase must accept the detectable and 
immobilizable mononucleoside triphosphate as a sub 
strate. 

Any liquid to be tested for its contents of polymerases 
is a suitable sample for the method of the invention. The 
method is suitable to determine polymerases in liquids in 
preferred concentrations of 10-12 to 10*8 mol/l, partic 
ularly preferred 8X10‘l1 to 8><l0—1O mol/l (deter 
mined for RT). Solutions with such concentrations are, 
for example, obtained when isolating polymerases but 
are also found in lysates of viruses and bacteria or in 
supernatants of cell cultures. The lysates can be both 
lysates from tissue and from body liquids such as blood. 
Further isolation of the polymerase from lysates is not 
ncessary. The preparation of such samples is, for exam 
ple, described in Virology (1985) 147:326; PNAS (1980) 
77, 7415. Due to its high sensitivity, it is an advantage of 
the method that in most cases tedious concentration 
steps are no longer required. 

In a ?rst step of the invention, a template nucleic acid 
and at least one detectable mononucleoside triphos 
phate and one immobilizable mononucleoside triphos 
phate are added to the sample. If a polymerase is to be 
detected whose activity depends upon the presence of a 
primer, the primer used is an oligonucleotide or a poly 
nucleotide, which is shorter than the template nucleic 
acid and complementary to a part of the template nu 
cleic acid and which, by means of the polymerase, can 
be extended by a strand segment that is complementary 
to the template nucleic acid. The prevailing conditions 
must allow the polymerase to fully develop its enzy 
matic activities. These conditions vary depending on 
the polymerase but are known to the expert. They in 
clude, for example, the addition of a pH buffer to stabi 
lize the pH value near the activity maximum of the 
polymerase or, for example, the presence of cations 
necessary for the respective polymerase activity. It is 
also possible to add detergents such as Triton X 100 or 
complex former such as EDTA. The optimum tempera 
ture is also known to the expert. The detection of ther 
mophilic polymerases, e.g. Taq-DNA-polymerase of 
EP-A-0 258 017, can, for example, be carried out at 
elevated temperatures. If the template nucleic acid is a 
homopolymer, the mononucleoside triphosphate must 
comprise a nucleotide which is complementary to the 
nucleotide of the template nucleic acid. If polyadeny 
late is used as a template nucleic acid, the triphosphate 
preferably contains a thymine or uracil residue since the 
latter can be used to form a nucleic acid strand that is 
complementary to polyadenylate. 
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Moreover, the incubating solution can also contain 
the non-detectable and/or non-‘immobilizable mononu 
cleoside triphosphate which is the basis for the detect 
able and/or the immobilizable mononucleoside triphos 
phate. 

If the template nucleic acid is a copolymer consisting 
of all 4 mononucleotides, the incubating solution must 
contain each of the corresponding 4 mononucleoside 
triphosphates, regardless of its form, be it detectable, 
immobilizable or non-detectable or non-immobilizable. 
In a preferred case, the concentration of the four 
mononucleoside triphosphates is approximately the 
same and a part of a triphosphate is present in its im 
mobilizable form and another part of the same triphos 
phate or of another triphosphate is present in its detect 
able form. The preferred total concentration of each 
triphosphate is at 0.0001 to 10 mmol/l, a‘particularly 
preferred concentration ranges between 0.001 to 10 
mmol/l. 
The incubation period for the detection of the reverse 

transcriptase in a concentration of appr. 10-11 mol/l 
can be terminated after appr. 90 min at 35° C. Smaller 
quantities'up to 10-12 mol/l can be detected when the 
incubating period is extended to 24 hours. 

Incubation may be carried out in any available pre 
incubating vessel, for example a microtiter plate or a 
tube or vial but also when already in contact with a 
solid phase to which the immobilizable mononucleoside 
triphosphate or the nucleic acids containing the latter 
are able to bind. In a preferred case, the pre-incubating 
vessel already contains said solid phase, and can, hence, 
bind said compositions. Transfer into another vessel for 
incubation with the solid phase is then no longer re 
quired. 
During a separation step, the nucleic acids, which 

may have been produced due to the polymerase activi 
ties and contain at least one incorporated immobilizable 
and at least one incorporated detectable mononucleo 
tide, are bound to a solid phase and the liquid phase is 
removed. 
The solid phase to which the immobilized mononu 

cleoside triphosphate and the nucleic acids, in which 
said mononucleoside triphosphate was incorporated, 
are bound contains the other binding partner. In a par 
ticularly preferred manner, the solid phase is coated 
with streptavidin. The solid phase may be present in the 
form of a container or as beads. Typical and preferred 
vessels are cuvettes and microtiter plates. When beads 
are used, immobilization requires a separate vessel to 
contain the incubation mixture unless the preincubation 
vessel is used. 
The solid phase must be able to preferably bind 90% 

or more of the total quantity of immobilizable mononu 
cleoside triphosphate and nucleic acid with the im 
mobilizable nucleotide incorporated therein contained 
in the incubating solution. For this purpose, the solid 
phase should contain at least 90%, preferably more 
binding sites than the originally available quantity of 
immobilizable mononucleotide. Since this quantity is 
known, the expert can easily determine the necessary 
surface or, conversely, by measuring the binding ability 
of the solid phase with respect to solutions containing 
different quantities of mononucleotides, it is possible to 
determine the largest possible quantity of mononucleo 
tide that is bound by the solid phase. It does, however, 
not interfere with the determination if the amount of 
binding sites at the solid phase exceeds the quantity of 
mononucleotide. Streptavidin-coated solid phases as 
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described in EP-A-O 344578 are particularly preferred 
solid phases. The use of a speci?c binding pair ensures 
that only a minor amount of non speci?cally bound, 
labelled mononucleoside triphosphate is present. Due to 
the af?nity of the above described binding partners, 
especially biotin/streptavidin, the immobilizable 
mononucleotides vare almost completely bound. 

In the case of biotln/streptavidin, incubation of the 
solid phase with the incubation mixture at 35° C. lasts 
less than 2 hours. The liquid is then separated from the 
solid phase, for example by means of decanting, pipet 
ting or drawing off. Non-incorporated detectable 
mononucleoside triphosphate is thus separated from the 
immobilized detectable mononucleotide. To ensure 
complete separation, a post-treatment with a wash solu 
tion may follow. Due the ?rm binding of the nucleic 
acids containing incorporated immobilizable nucleo 
tides to the solid phase, there is no signi?cant washing 
out of the immobilized nucleic acids. Possible wash 
solutions include, for example, simple salt solution such 
as buffered and unbuffered sodium chloride solutions. It 
is, hence, not necessary to use wash solutions that main 
tain hybridization of the template nucleic acids to the 
newly formed nucleic acids, as is required in prior art. 

Subsequently, the nucleic acids bound to the solid 
phase are determined with the aid of the also incorpo 
rated detectable nucleotides. The determination de 
pends upon the type of detectable nucleotide used. In a 
preferred case, where the detectable group of the mono 
nucleotide is one component of an immunological reac 
tion, the solid phase is reacted with the other compo 
nent of said immunological reaction. This second com 
ponent is preferably labelled, eg with an enzyme or a 
?uorescent label. Particulary preferred is labelling with 
enzymes such as horse-radish peroxidase (POD), alka 
line phosphatase or B-galactosidase. In the preferred 
case the ?rst component is a hapten and the second 
component is a labelled antibody to this hapten. In this 
connection we refer to WO 89/06698 and EP—A-0 209 
875. If the label is a direct label such as a dye or a fluo 
rescent dye, the detectable mononucleotide can be de‘ 
termined directly either by means of visual or auto 
mated analysis, in the latter case with a photometer or a 
?uorometer. If an enzyme label is used, the solid phase 
is reacted with a substrate for this enzyme and the reac 
tion is photometrically or ?uorometrically monitored. 

In the method of the invention, the quantity or the 
presence of a polymerase or a type of polymerase can be 
understood from the quantity or the presence of detect 
able mononucleotide at the solid phase. A quantitative 
analysis can be based on a calibration curve obtained 
with samples whose contents of polymerases is known. 

If the conditions under which the individual polyme 
rases and/or types of polymerases incorporate detect 
able and immobilizable mononucleotide vary, it is possi 
ble to discriminate between individual polymerases'and 
between types of polymerases. The method of the in 
vention is, hence, a selective procedure allowing, for 
example, the determination of polymerases of the one 
type in the presence of polymerases of the other type. 

It is an advantage of the method in accordance with 
the invention that the labelled nucleic acid can be sepa 
rated from the labelled mononucleoside triphosphate in 
a very simple and complete manner. Moreover, this 
procedure can be carried out in one single vessel. Trans 
fers into different vessels are no longer required. The 
use of a non-radioactive assay method has further ad 
vantages: the reaction requires less instrumentation and 
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it is easier to automate and allows parallel determina 
tions of numerous samples, for example in microtiter 
plates. The method is highly speci?c since only im 
mobilizable nucleotides and nucleic acids containing the 
latter are bound to the solid phase. Samples with a les 
s-than-maximum degree of puritiy are, hence, also ac~ 
ceptable for the method of the invention. Even determi 
nation in the presence of bacteria is, for example, possi 
ble. It is not necessary to separate the newly formed 
strand from the template nucleic acid when a hapten 
such as digoxigenin is used as the detectable mononu 
cleotide. The method of the invention is considerably 
more reliable since the length of the product of the 
polymerase reaction has less impact on the result than in 
the case where only one modi?ed mononucleotide is 
used. When differently modi?ed mononucleotides'are 
used, the amount of immobilizable mononucleotide can 
be kept low in favor of a quantitative speci?c binding to 
the solid phase whereas the amount of detectable mono 
nucleotide can be kept comparatively high for a higher 
sensitivity. 

In a preferred embodiment of the method of deter 
mining reverse transcriptase, the sample is reacted with 
polyadenylate as a template nucleic acid, biotinylated 
dUTP (EP-A-0 063 879) as immobilizable and digoxige 
nin-labelled dUTP (W O 89/06698) as detectable 
mononucleoside triphosphate and oligodT as a primer. 
After incubating at appr. 35° C. for 90 min., the mixture 
is transferred into a streptavidin-coated cuvette. After 
incubating for appr. 60 min, the liquid is discarded and 
the cuvette is rinsed with a wash solution. Then, a solu 
tion of POD-labelled antibodies to digoxigenin is added. 
After a period of appr. 60 min, the liquid is again dis 
carded and the cuvette is rinsed once more. Then, an 
ABTS ® solution is added and the coloration is mea 
sured at 405 nm. 

Another subject matter of the invention is a reagent 
for use in the method of the invention and a template 
nucleic acid containing at least one detectable and at 
least one immobilizable mononucleoside triphosphate. 
The reagent is preferably free of polymerase. The de 
tectable and the immobilizable mononucleoside triphos 
phate are different compounds based either on the same 
mononucleotide, e.g. uridine, or on different mononu 
cleotides, e.g. adenosine (immobilizable) and uridine 
(detectable). If the template nucleic acid is a homopo 
lymeric nucleic acid, e.g. polyadenylate, only one type 
of mononucleotides is required for the detectable and 
immobilizable mononucleoside triphosphate, i.e. the 
one containing the base (in this example uridine or thy 
midine) which is complementary to the nucleotide of 
the nucleic acid. If the template nucleic acid contains all 
the natural bases, the respective complementary 
mononucleotides must be present as triphosphates. In a 
preferred manner, the reagent also contains additives 
including water as a solvent, pH buffer substances, de 
tergents, stabilizers or co-factors for the polymerase. A 
pH buffer substance is included to ensure a pH, alter 
adding the reagent to the sample, at which the polymer 
ase to be detected, if present, is expected to be active. 
The reagent in the form of an aqueous solution con 

tains the above ingredients at the following concentra 
t1ons: 

template nucleic acid 0.1 to 2000 ug/ml 
mononucleoside triphosphate 0.0001 to 10 mmol/l 
(total) preferably 0.001 to 10 mmol/l 
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-continued 
detectable mononucleotide 0.0001 to 10 mrnol/l 
preferably 0.001 to 1 mmol/l 
immobilizable mononucleotide 0.0001 pmOl/l to 0.1 mmol/l 

If a primer is required, it should be present at a con 
centration of 10 ng/ml to 10 mg/ml, or preferably at a 
concentration of 10-2000 ug/ml. If biotin-dUTP is used 
as an immobilizable mononucleotide and digoxigenin 
dUTP as a detectable mononucleotide, said two sub 
stances are used in the reaction at a molar ratio of 1:1 to 
1:50000: for a reverse transcriptase the preferred molar 
ratio is 1:5 to 1:50, particularly preferred 1:10 to 1:30 
(biozdig). If nucleotides are used which are modi?ed in 
a different way, an expert can optimize the values ac 
cordingly. The values can also be optimized in depen 
dency upon the polymerase activity and the number of 
binding sites at the wall. Further, the reagent can also 
be used in the form of a concentrated solution which has 
to be diluted prior to use. Storage as a lyophilisate is 
also possible. In the latter case, the reagent is reconsti 
tuted with the aid of a solution. 
Yet another subject manner of the invention is a rea 

gent kit for the detection of polymerase activity. The kit 
contains the following in separate containers: 

template nucleic acid, at least one detectable and at 
least one immobilizable mononucleoside triphos 
phate 

a vessel to selectively and essentially completely bind 
the immobilizable mononucleotide, and 

wash solutions 
If necessary, a primer is included in the reagent kit 

(preferably in a mixture with the template nucleic acid). 
Aside from this reagent, the kit further contains a vessel 
necessary for carrying out the method and a wash solu 
tion. Moreover, a preferred embodiment of the kit con 
tains reagents for the detection of the detectable mono 
nucleotide. If, for example, an immunological combina 
tion for binding a label to the detectable mononucleo 
tide is used, this kit provides the corresponding labelled 
partner of the component of the immunological combi 
nation which is bound to the detectable mononucleo 
tide. When an enzymatic label is used, the kit also comes 
with an enzyme substrate and, if necessary, the required 
pH buffer substances. It is an advantage of the reagent 
kit of the invention that all reagents are stable and re 
quire relatively little storage space and their use and 
application is much easier as compared to reagents 
known in prior art. 
A preferred embodiment of a reagent kit contains: 
a) a container with template nucleic acid, digoxige 

nin-labelled mononucleoside triphosphate, biotin 
labelled mononucleoside triphosphate, pH-buffer, 
detergent, complex former, co-factors, salts and 
anti-oxidizing agents 

b) streptavidin-coated cuvette, tube, pellets or micro 
titer plate 

c) wash solution 
d) solution of a POD-labelled antibody to digoxigenin 
e) A POD substrate, for example, 2,2’-azino-bis-l3 

ethylbenzothiazoline-6-sulfate] (ABTS ®) in 
buffer solution 

For the detection of type II or type III polymerases 
a), in a preferred manner, also contains a primer. All 
components of the reagent kit are stable, have extended 
storage stability, and both their manufacture and dis 
posal are inexpensive and simple. 
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The method of the invention for detecting a polymer 

ase activity can be employed in any ?eld where such a 
polymerase activity reveals information on the compo 
sition of a sample. This is the case, for example, in the 
detection of polymerases in samples such as body fluids 
or processed enzyme isolates, further in the detection of 
polymerase-containing micro-organisms, particularly 
bacteria and viruses to characerize unknown polyme 
rases or micro-organisms and to test substances for their 
possible inhibitory effect on polymerases. The decrease 
of the known polymerase activity upon addition of the 
substance then serves as a measure of inhibition and 
indicates a possible therapeutic use of the substance as 
an anti-bacterial or anti-viral agent. 
Another subject manner of the invention is a method 

of detecting HIV, said method being based upon the 
method of determining polymerases. Then a lysate of a 
sample in which HIV is expected to be present is pre 
pared. 

a template ribonucleic acid, at least one detectable 
and one immobilizable mono-deoxyribonucleoside 
triphosphate and additives are added to this lysate, 

after incubation, the mixture is transferred into a 
vessel which selectively and essentially completely 
binds the immobilizable mononucleotide and im 
mobilizable nucleotide incorporated. 

excess detectable mononucleoside triphosphate is 
separated and 

the bound detectable mononucleotide is detected. 
The ?rst incubation is preferably carried out in the 

presence of a primer since the HIV-RT is a primer 
dependent type-Ill polymerase. The incubation of the 
mixture could also take place in the vessel which itself 
is capable of binding. 

This method applies analogously to the detection of 
other viruses connected to a polymerase. In this case a 
virus isolate, e.g. a pellet, may serve as sample. 

Yet another subject matter is a method of detecting 
an antibody to a polymerase by 

incubating the sample containing the antibody to be 
detected with a template nucleic acid, a detectable 
mononucleoside triphosphate and the polymerase, 

separating the synthesized nucleic acid from the de 
tectable mononucleoside triphosphate and 

detecting the detectable nucleotides contained in the 
nucleic acid, whereby 

the incubation mixture contains an additional im— 
mobilizable mononucleoside triphosphate and 

the incubation mixture is or is brought in contact with 
a solid phase which is able to selectively and essen 
tially completely bind the immobilizable mononu 
cleoside triphosphate and the nucleic acid in which 
the immobilizable mononucleotide is incorporated. 

This process is based on the detection of polymerase 
activity according to the above invention. The reaction 
mixture thereof exhibits a certain polymerase activity. 
Said polymerase activity is compared the one present 
after addition of the sample which is expected to con 
tain an antibody to this polymerase. If an antibody that 
is directed against this polymerase is present, the activ 
ity will be lower as compared to the activity with no 
antibody present. The sample material used may be 
blood, serum, an isolate, a cell culture supernatant or 
the like. 

Therefore, the quantity and the type of reagents used 
essentially corresponds to those used in method of de 
tecting polymerases. The concentration of the polymer 
ase also depends upon the quantity of the antibody to be 
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detected. However, the expert can ?nd a suitable dilu 
tion by running a few tests for this purpose beforehand. 
The detection range for the method of detecting a poly 
merase according to the invention may serve as a refer 
ence in this case. 

Further, it can be advantageous to eliminate the poly 
merase activity originally present in antibody-contain 
ing sample prior to adding the polymerase. Other com 
mon reaction conditions are known to the expert, e.g., 
from J. Clin. Microbiology. (1989). Vol. 27, 7, pp. 
1453-1455 and from AIDS Research and Human Re 
troviruses. (1989). Vol 5, pp. 535-540. 
The detection of antibodies to type II or type III 

polymerases requires an additional corresponding 
primer. 

In a preferred embodiment of the method of detect 
ing antibodies to HIV-RT, the template nucleic acid, 
biotinylated dUTP (EP-A-0 063 879) as immobilizable 
mononucleoside triphosphate and digoxigenin-labelled 
dUTP (WO 89/06698) as detectable mononucleoside 
triphosphate and a de?ned quantity of polymerase, e. g. 
reverse transcriptase, which is obtained from virus ly 
sate or, preferably, by means of genetic engineering, are 
directly incubated with the serum to be analyzed for 
appr. 60-90 min at 37° C. After incubation the mixture 
is transferred into a streptavidin-coated cuvette. After 
incubation for appr. 60 min, the liquid is discarded and 
the cuvette is rinsed with a wash solution. Then a solu 
tion of POD-labelled antibodies to digoxigenin is added. 
The liquid is again discarded after appr. 60 min and the 
cuvette is again rinsed. Then, an ABTS ® solution is 
added and the coloration is measured at appr. 405 nm. 

In the method of the invention, the quantity or the 
presence of detectable mononucleotide at the solid 
phase follows from the quantity or the absence of the 
antibody to the polymerase. A quantitative evaluation 
is, for example, possible with the aid of a calibration 
curve obtained with samples that contain a known 
amount of antibody. 

If the conditions under which the individual polyme 
rases or types of polymerases incorporate detectable 
and immobilizable mononucleotide vary, it is possible to 
differentiate between antibodies to individual polyme 
rases and between antibodies to types of polymerases. 
The method of the invention is, hence, a selective 
method. It is, for example, possible to determine anti 
bodies to polymerases of the one type in the presence of 
antibodies to the other type. 
The method of the invention can, for example, be 

used for tile detection of an infection with a micro 
organism which contains a polymerase or contains in 
formation for the production of a polymerase, e.g. vi 
ruses such as the HIV. The method has the same advan 
tages as the method of detecting polymerase activity, 
i.e. it is easy, rapid, reliable and more sensitive than the 
known methods. It is an additional advantage of the 
method that is does not require tedious IgG-prepara 
tions. Serum can be directly used as a sample. 
Yet another subject matter of the invention is a 

method of detecting a promoter sequence comprising 
the following steps: 

incubation of a sample containing the promoter se 
quence to be detected with a detectable mononu 
cleoside triphosphate and a polymerase which re 
quires the promoter sequence to initiate the poly 
merase reaction, 

separation of the synthesized nucleic acid from the 
detectable mononucleoside triphosphate and 
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detection of the detectable nucleotides contained in 

the nucleic acid, whereby 
the incubation mixture contains an additional im 

mobilizable mononucleoside triphosphate and 
the incubation mixture is or is brought in contact with 

a solid phase which is able to selectively and essen 
tially completely bind the immobilizable mononu 
cleoside triphosphate and the nucleic acid in which 
the immobilizable mononucleotide is incorporated. 

This method is also based on the determination of 
polymerase activity in accordance with the invention. 
However, this method is distinguished from the latter in 
that a given amount of polymerase is added whereas 
template nucleic acid is not added in addition to the 
nucleic acid which is present in the sample to be de 
tected and may contain the promoter sequence. If a 
promoter is present that is able to initiate the polymer 
ase which was added, the polymerase reaction will 
occur and labelled nucleic acids can be detected. Pro 
moters which can be detected include the SP6. the T7 
and the T3-promoters. The respective polymerases, i.e. 
the SP6-RNA-po1ymerase, the T7-RNA-polymerase, 
and the T3-DNA-polymerase, are then used. The test is 
speci?c for the respective promoter. In molecular biol 
ogy, such tests are advantageously used, for example, in 
the detection of nucleic acid constructs. The preferred 
sample is a DNA isolate. 
The concentration values and the conditions for the 

individual reagents basically depend upon the values 
given in the method of determining polymerase in ac 
cordance with the invention. 

In a preferred embodiment of the invention, a sample 
is reacted with biotinylated dUTP (EP-A-0 063 879) as 
immobilizable and digoxigenin-labelled dUTP (W O 
89/06698) as detectable mononucleoside triphosphate 
and with a polymerase which is speci?c for the pro 
moter. After incubation at appr 35° C. for 90 min, the 
mixture is transferred into a streptavidin-coated cu 
vette. After incubation for appr. 60 min. the liquid is 
discarded and the cuvette is rinsed with a wash solution. 
Then a solution of POD-labelled antibodies to digoxige 
nin is added. After appr. 60 min. the liquid is again 
discarded and the cuvette is rinsed once more. Then, an 
ABTS ® solution is added and the coloration is mea 
sured at appr. 405 nm. 

In the method of the invention, the strength or the 
presence of a promoter for the polymerase or the type 
of polymerase follows from the quantity or the presence 
of detectable mononucleotide at the solid phase. 

If the conditions for incorporating detectable and 
immobilizable mononucleotide differ for the individual 
polymerases or polymerase subtypes, it is possible to 
differentiate between individual promoters. The 
method of the invention is, hence, a selective method. It 
is, for example, possible to determine promoters of one 
polymerase subtype in the presence of promoters of 
another polymerase subtype. Eukaryote polymerases of 
type I exist in different subtypes (RNA-pol I, II, III) 
which recognize different promoter types. And each 
particular polymerase subtype in rum recognizes, in 
dependency upon additional factors, different promot 
ers. 

Yet another subject matter of the invention is a rea 
gent kit for the detection of antibodies to a polymerase. 
Said reagent kit contains a template nucleic acid, at least 
one detectable and at least one immobilizable mononu 
cleoside triphosphate and a polymerase against which 
the antibody to be detected is directed. Preferred fur 
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ther components are additives and, optionally, a vessel 
or any other solid phase which selectively and essen 
tially completely binds the immobilizable mononucleo 
side triphosphate and the nucleic acids containing the 
latter. In a preferred manner, at least the polymerase is 
available in a separate container. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the percentage of RT-inhibition (ab 
scissa) by anti-HIV-positive and anti-HIV-negative sera 
(1:40) for two different virus lysate concentrations. 
FIG. 2 shows the percentage of RT-inhibition (ab 

scissa) by anti-HIV-positive and anti-HIV-negative sera 
( l: 40) for recombinant RT (appr. 1:27000). 

n in FIGS. 1 and 2 represents the number of sera. 

The following examples explain the invention in 
greater detail: 

EXAMPLE 1 

Detection of HIV 

a) Preparation of pelleted HIV-virus 
2-3 ml of cell-free supernatant of HIV-virus cultures 

or virus isolation solutions are obtained. A subsequent 
ultracentrifugation at 20 000 g for a period of 2 hours 
leads to the formation of a pellet of cellular organelles 
and (in a positive case) virus particles. - 

b) Lysis of the pelleted virus 
The pelleted virus is disolved in 40 pl lysis buffer. 

Lysis buffer: 
1,4-dithioerythrite (DTT, Merck, Darmstadt) 2.5 mM; 
EDTA (Merck, Darmstadt) 0.75 mM; 
KCl (Merck, Darmstadt) 80 mM; 
Tris HCl (Boehringer Mannhelm) 50 mM; pH 8.0 (22° 

C.) 
Triton ®X-1OO (Sigma, Saint Louis) 0.5% . 

Alternatively, it is also possible to add 5 pl of an 
eightfold concentrated lysis buffer to 35 pl virus con 
taining supernatant. 
At 2° C. this virus lysate can be stored for about one 

week without signi?cant decrease in activity (protect 
lysate from drying out). 

0) Incubating/ polymerase reaction 
20 pl of a solution of the following composition are 
added to the above lysate: 

DTT 10 mM; 
KCl 290 mM: 
MgCl; 30 mM; 
dTTP 8.3 pM; 
Biotin-16-dUTP (Boehringer Mannhelm, Cat. No. l 093 

070) 125 nM; 
DIG-l l-dUTP (Boehringer Mannhelm, Cat. No. 1 O93 

088) 2.5 pM; 
Polyadenylic acid. Pentadecathymidylic acid (Poly 

A)-(dT)1s, 
(Boehringer Mannhelm, Cat. No. 108 677) 700 U/l, [35 

lug/m1]; 
TrisxHCZ 50 mmol/ 1. pH 8.0 (22° C.) 
The mixture is incubated at 35° C. for a period of 90 

min. to 24 hours and even longer depending on the 
desired test sensitivity. 

d) Isolation of the reaction products 

After incubating, the reaction mixture is transferred 
into the wells of a streptavidin-coated 96-well-ELISA 
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plate (manufactured according to EP-A-0 344 578, ca 
pacity appr. 20 ng biotin/ml, i.e. in 60 11.1 appr. 1.2 ng 
biotin) and then incubated for 60 min. at 35° C. 

e) Washing 
The wells are then washed 5 times with a wash solu 

tion (sodium chloride 0.85 mol/l). The solution still 
remaining in the wells is then removed by tapping on 
the plate. 

f) Incubation with POD-labelled anti-digoxigenin 
antibodies 

200 pl of a conjugate solution of the following com 
position are pipetted into each of the wells: anti-digox 
igenin-POD (Fab fragments, Cat. No. 1 207 733 Boehr 
inger 
Mannhelm) 200 U/l; 
Tween 20 0.5 % 
Sodium chloride 0.85 M in 0.1 mol/l sodium phosphate 

buffer pH 7.5. 
The conjugate solution is decanted after 60 min. and the 

wells are washed 5 times with a wash solution (NaCL 
0.85 M). 

g) Colorimetric reaction 

200 1.1.1 substrate solution (ABTS ® (2'2-Azino-di-[3 
ethylbenzthiazolinsulfonate (6))][sic] 1 g/l in ABTS ® 
buffer (Cat. No. 1 112 597. Bothringer Mannheim) are 
pipetted into each of the wells. After allowing the reac 
tion to occur for another 60 min. at 35° C., the color 
ation is measured in a photometer at 405 nm against 450 
nm. 

h) Sensitivity of the tests 

The sensitivity of the method of the invention was 
tested with serial dilutions of aliquots of a positive con 
trol (lysate of pelleted HIV-I-particles from appr. 2 ml 
supernatant of a well producing continuous culture of 

' permanent T cells). 

TABLE 1 
Virus dilution OD 405 nm Virus dilution OD 405 nm 

1:5 >2.500 1:25 1.900 
>2.500 >2.500 
>2.50O >2.500 
>2.500 >2.500 
>2.500 1.847 
>2.500 1.691 
>2.500 >2.500 
>2.500 1.935 

1:50 0.730 1:125 0.602 
0.868 0.633 
0.793 0.599 
0.880 0.613 
0.812 0.506 
0.838 0.496 
0.769 0.453 
0.990 0.455 

1:250 0.350 1:500 0.243 
0.348 0.228 
0.340 0.274 
0.404 0.252 
0.307 0.247 
0.308 0.230 
0.242 0.163 
0.245 0147 

Negative control OD 405 nm Blank OD 405 nm 

1:2 0.130 0.072 
0.160 0.075 
0.138 0.068 
0.119 0.090 
0.133 0.083 
0.187 0.073 
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14 
TABLE l-continued 

0.121 0.065 
0.183 0.071 

CD = Optical density, measured at 405 nm against 450 nm. 
Blank = Optical density of the non-reacted substrate. 

The above listed measured values are obtained in a 
minimum of four experiments carried out on different 
days. Between the tests the reaction mixtures used were 
stored at —20° C. At least two batches prepared on 
different days were used. A maximum signal (OD> 2.5) 
occured regularly up to a dilution of 1:5 in some test 
runs even up to a dilution of 1:25. With a continuous 
decrease of the signal and a simultaneous increase of 
dilution, the detection limit of the reverse transcriptase 
is reached at a dilution of appr. 1:500 after a reaction 
time of 90 min. For a reaction time of 24 hours, the limit 
is at a dilution of 1:3000 to 1:7500 (6 to 15 times more 
sensitive). The deviations between the OD-values in the 
different test runs are typically at a factor smaller than 
2. Compared to a conventional method, the new test 
with a reaction time of 90 min. is at least as sensitive as 
conventional methods and is distinguished by a more 
simple handling. Further, as compared to conventional 
methods, this speci?ty of the method in accordance 
with the invention allows extending the reaction time to 
at least 24 hours and, hence, obtaining a considerably 
higher sensitivity. Even samples that are massively con 
taminated with hemoglobin from lysated erythrozytes 
or with bacteria do not show blanks which exceed the 
limit. In a direct comparison of various virus isolation 
solutions (pellet of appr. 3 ml supernatant), the new 
method convinced with its high reliability. 

EXAMPLE 2 

Method of detecting reverse transcriptase and testing 
samples for their possible inhibitory effect on polyme 
rases 

As in example 1, this test is based on a test for reverse 
transcriptase. 

a) Sample preparation 
The samples to be tested for the presence of inhibitors 

are usually disolved in concentrations of 1 to 10 mg/l in 
pure DMSO (dimethyisulfoxide). These stock solutions 
are the basis for dilutions (usually 20- to 200-fold di 
luted) by diluting with RT-buffer (50 mM Tris-HCl, pH 
7.9:50 mM KCl; 5 mM MgCl;; 1 mM DTT). 

b) Incubation 
The test is carried out directly in the streptavidin 

coated 96-well-ELISA plates (manufactured according 
to EP-A-0 344 578). 
The following solutions are sucessively pipetted into 

the wells of the plate: 
20 p1 diluted sample solution or RT-buffer for posi 

tive control 
20 ul RT-buffer 
20 pl template/primer complex consisting of 1 pg 
RNA-template (HIV-LTR-5’-gag fragment) and 
21.3 ng 18-mer DNA-primer of the following se 
quence: SEQ ID NO 1 (5’ 
GTCCCTGTTCGGGCGCCA-3’): after incubat 
ing both components as a mixture in a 50-fold con 
centrated form at 665° C. in a water bath and cool 
ing the mixture slowly down to 30° C., said mixture 
is 10-fold diluted with RT-buffer. 
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20 pl HIV-l RT is reached according to a known 
process cloned and expressed in E.c0li puri?ed to 
homogenity (Heterodimer, p66/p5l, Science 
(1986), 231:1289-1291) and dissolved in a concen 
tration of 1 pg/ml in RT-buffer. 

20 pl reaction starter solution consisting of 
RT-buffer (see above) 
5 pM dATP 
5 pM dCTP 
5 pM dGTP 
5 pM Dig-ll-dUTP 
0.25 pM Biotin-16-dUTP 
0.1% Nonidet ® P 40 (Pierce, Cat. No. 28324) 

The HIV-LTR-5'-gag RNA-fragment of 1078 bases 
in length, which serves as a template, was prepared 
according to known procedures by in-vitro transcrip 
tion with the aid of a T7-RNA-polymerase. 
The mixture is then at 37° C. incubated for 1 hour in 

a water bath in a microtiter plate (capacity for binding 
biotin appr. 20 ng/ml, i.e. in 100 pl appr. 2 ng biotin) 
with a ?at bottom. This microtiter plate was manufac 
tured in accordance with EP-A-0 344 578. The micro 
titer plate is covered with an adhesive foil. 

0) The well is washed 5 times. each time with 0.3 ml 
of a wash solution (PBS without Ca and Mg (Cat. 
No. 210 340 Boehringer Mannheim), Tween 20 
(Cat. No. 170-6531, Bio-Rad) 0.05 % (vol/vol)). 

d) 100 p1 anti-digoxigenin-POD (Fabfragments, Cat. 
No. 1 207 733 Boehringer Mannheim) contained in 
a solution of 100 mM Tris-HCl, pH 7.9; 150 mM 
NaCl are added into each well. Incubation is car 
ried out for 30 min. at room temperature. 

e) Each well is washed 5 times with 0.3 ml wash 
solution for each washing step. 

1) 100 pl of the following solution are added into each 
well: ABTS ® 1 g/l in ABTS ®-buffer (Cat. No. 1 
114 497 Boehringer Mannheim) Subsequently, the 
solution is incubated under shaking for 20 to 30 
min. at room temperature and the coloration is then 
measured at 405 nm in an ELISA-photometer (MR 
5000, Dynatech, reference ?lter 630 nm). A poly 
merase inihibitor is present if the coloration at 405 
nm is slowed down or missing. 

EXAMPLE 3 

Detection of speci?c DNA-dependent 
RNA-polymerase activity and speci?c promoter 

sequences for RNA-polymerases on DNA 

Three DNA-fragments, which contain the promoter 
for either the SP6-RNA-polymerase, the T7-RNA 
polymerase or the T3-RNA-polymerase, are in tran 
scription reactions incubated with a mixture of ribonu 
cleotides. The latter also contains Dig UTP and Bio 
UTP and either SP6-RNA-polymerase or T7-RNA 
polymerase. In both assays where promoter and poly 
merase speci?cally match, the nucleotides are, comple 
mentary to the DNA, incorporated in an RNA-chain. 
After incubation the reaction solutions are transferred 
into the wells of a streptavidin-coated 96 well-ELISA 
plate. Incorporated and non-incorporated biotin resi 
dues will bind to the streptavidin. An RNA-polymerase 
activity can be detected by detecting the digoxigenin 
nucleotides or the digoxigenin-haptens, which are cova 
lently bound to the biotin-nucleotides with the aid of 
anti-digoxigenin antibodies. correspondingly, it is pos 
sible to detect a speci?c promoter for a polymerase. 
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a) Transcription reaction: 

1 pl template-DNA (100 ng/ pl), 100 mg 
2 pl Dig-Bio-Nucleotide-Mix 10 X 

0.5 pl RNAsin (50 U/pl, Cat. No. 799 017, 25 U 
Boehringer Mannheim), 

2 pl transcription buffer 10 X 
x pl Phage-RNA-polymerase (20 U) 

ad 20 pl H20 
20 pl 

Template-DNAs 
Plasmides containing the appropriate promoter se 

quences were cleaved by restriction enzymes and elec 
trophoretically separated on an agarose gel. DNA-frag 
ments which contained a promoter were eluted from 
the gel and used as template-DNAs. 

a) Template with SP6-promoter 
pSPTl8 plasmid (Cat. No. 909 793. Boehringer 

Mannheim) digested with Eco R I+Ssp I, 951 bp-frag 
ment isolated, length of transcript: 58 b 

b) Template with T7~prompter 

pSPTl8 plasmid (Cat. No. 909 793, Boehringer 
Mannhelm) digested with Hind III+Ssp I, 2204 bp 
fragment isolated, length of transcript: 61 b 

0) Template with T3-promoter (control) 
pT3T71ac plasmid (Cat. No. l 014 692, Boehringer 

Mannheim) digested with Eco RI+Sca I, 1815 bp-frag 
ment isolated, length of transcript: 60 b 

Dig-Bio-Nucleotide-Mix 10 X: 

5 pl 100 mM ATP 10 mM 
5 pl 100 mM GTP 10 mM 
5 pl 100 mM CT? 10 mM 

3.25 pl 100 mM UTP 6.5 mM 
8.75 pl 1 mM Bio-ll-UTP 175 nM 
16.5 pl 10 mM Dig-ll-UTP 3.3 mM 
6.5 pl H20 
50 pl 

Transcription buffer 10 X: 

400 pl 1M Tris/HCl pH 7.9 400 mM 
60 pl 1M MgCl; 60 mM 
100 pl 1M D'I'l‘ 100 mM 
20 p1 1M Spermidin 20 mM 

420 pl H20 
1 m1 

Phage-RNA-polymerases 
SP6-RNA-polymerase, Cat. No. 810 266, Boehringer 

Mannheim 
T7-RNA-polymerase, Cat. No. 881 767, Boehringer 

Mannheim 
As DNA with a spermidin concentration exceeding 4 

mM can precipitate, the 10 x-transcription buffer, was 
added immediately before the addition of the enzymes 
[Krieg, P. A., Melton, D. A. (1987) Meth. Enzym. 1551. 
H2O was treated with DEPC (diethylpyrocarbonate) to 
inactivate RNAses. 

Incubation for 2 hours at 30° C. [after Krieg, P. A. 
(1990): Nucl. Acids Res. 18, 6463]. 
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b) Binding of the transcripts to the streptavidin in 
microtiter plates 

The transcription reactions were ?lled up to 100 pl 
with 80 pl TE (10 mmol/l TrisHCl, 1 mmol EDTA, pH 
8.0). Portions of 20 pl of the diluted transcription reac 
tions were pipetted into the ?at-bottom wells of a strep 
tavidin-coated 96-well-Elisa plate (manufactured ac‘ 
cording to EP-A-0 344 587) and 180 pl of a 0.05 % 
(vol/vol) Tween 20 solution were added. During all 
following binding and reaction steps, the plates were 
covered with lids (Nunc, Cat No. 263339). 

Binding is carried out at 37° C. under shaking for 1 
hour. 
Non-bound reaction components are removed in 6 

washing steps with 300p.1 of a 0.9% NaCl-solution used 
in each step. 

0) Detection with anti-digoxigenin-antibody conjugate 
and color reaction 

As described with respect to example 1,200 pl anti 
digoxigenin-POD (200 U/I, Cat. No. 1207733 Boehr 
inger Mannheim) are added. After 60 minutes, 6 wash 
ing steps are carried out, using 0.9% NaCl solution in 
each step. As was also desribed with respect to example 
1, 200 Ill substrate solution (ABTS ®) are incubated in 
the wells at 37° C. for 5 to 60 minutes and the coloration 
is measured in a photometer at 405 nm. 

EXAMPLE 4 

Detection of antibodies to HIV-RT in patient sera, said 
antibodies having an inhibitory effect on the funtion of 

the RT 

This detection serves as a prognostic factor for an 
HIV infection and may serve to distinguish between 
different variants of HIV (HIV 1 and HIV 2). 

10 ul diluted serum (1:10 in lysis buffer, see example 
1) are added to 30 pl polymerase (obtained from virus 
lysate or genetically engineered reverse transcriptase), 
diluted in lxconcentrated lysis buffer, and incubated for 
60-90 minutes at 35° C. 20p.l of the reaction solution (as 
described under c in example 1) are then added and 
incubated at 35° C. for 24 hours. The remaining proce 
dure corresponds to the one described in example 1. If 
the sample contains antibodies that inhibit the function 
of the reverse transcriptase, the signal will either be 
suppressed or partly reduced. Serum sample without 
RT-inhibiting antibodies will produce a signal that cor 
responds to the amount of RT used. ' 

a) Pre-tests: 
Several tests were carried out to determine optimal 

serum- and virus concentrations. In these tests, 6 HIV-I 
positive and HIV-negative sera diluted 1:32 and 1:64, 
respectively, were tested with a standard virus lysate 
diluted 1:250 (lysated HIV-1 from appr. 1 ml superna 
tant of a well-producing cell culture of HIV-1 infected 
H9-cells). In another test, three additional HIV-l -posi 
tive and HIV-negative sera diluted to concentrations of 
1:32, 1:64 and 1.128, respectively and standard virus 
lysate dilutions of 1:125, 1:250 and 1:500, respectively, 
were tested. Additional tests with different dilutions of 
a preparation of genetically engineered _(recombinant) 
RT (manufactured by Mikrogen, Munich, FRG) were 
also carried out. The optimal polymerase dilution was 
found with the aid of sera whose RT-inhibiting capaci 
ties had been characterized before the tests were 
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started. Dilutions of appr. 1:25000 of recombinant RT 
haven proven to be the most suitable. 
The resulting values showed a signi?cant inhibition 

of the RT function with all HIV-1 positive sera whereas 
the RT function with HIV -negative sera was not im 
paired. The relative signal suppression was most pro 
nounced at serum dilutions of 1:32 and 1:64. The ideal 
dilution of our standard virus lysate was found to range 
between 1:125 and 1:250. 

b) Validation of the test principle with patient sera. 

Based on the experiences from the pre-tests, 34 HIV 
l-positive and 26 HIV-negative sera, each diluted 1:40. 
were tested in two batches, one with a virus lysate 
diluted 1:125 and the second with a virus lysate diluted 
1:250. The results are listed in FIG. 1. In order to fur 
ther validate the test principle, a larger number of sera 
(98 anti-HIV-l-positive sera and 76 anti-HIV-negative 
sera) has been tested for inhibiting antibodies with re 
combinant RT (dilution appr. 1:27000). The total result 
obtained with the recombinant RT is listed in FIG. 2. 

0) Test to establish the prognostic value of RT 
inhibiting antibodies. ' 

From some of the 132 anti-HIV-l-positive sera, We 
knew the clinical condition of the patient (asymptom 
atic LAS/ARC, AIDS) and from some we knew the 
test result obtained with the p24¢antigen-ELISA (manu 
factured by Abbott Laboratories, North Chicago, USA) 
with serum or plasma. In a third group, the reaction 
pattern in the Western blot (W B) can be used to differ 
entiate between diffrerent conditions: shortly after sero 
conversion (early infection), patients with insigni?cant 
antibody pro?le, beginning drecrease of the anti-p24 
level and late stage. To test the prognostic value of 
RT-inhibiting serum antibodies, the proportion of the 
sera were RT-inhibition exceeded 50% and the mean 
RT-inhibition were calculated in a comparison of all 
groups (see Table 2). 

TABLE 2 

Prognostic value of RT-inhibiting antibodies in comparison 
to acknowledged prognostic parameters (p24-antigenemia, 

clinical rating, WB-antibody pro?le). 
patients corresponds 
with to % average 
RT- with RT 

number inhibition RT-inhibition inhibition 
tested > 50% >50% in % 

p24-antigen 15 10 67 60,9 
positive 
p24-antigen 38 34 89 77.3 
negative 
asymptomatic 29 25 86 79. l 
LAS/ARC 10 9 90 78.3 
AIDS 13 7 54 44.4 
early infection 5 2 40 44.0 
WB normal 97 79 81 72.6 
weak anti-p24 9 6 67 65.5 
WB late stage 16 7 44 45.2 

EXAMPLE 5 

Detection of DNA-dependent DNA-polymerase 
activity 

Klenow-polymerase is incubated in a random primed 
labelling reaction with a thermally denatured DNA 
fragment and a mixture of hexamers consisting of hex 
amers of all possible sequences that may serves as prim 
ers. In addition to unlabelled nucleotides, the polymer 
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ase also incorporates DIGdUTP and BiodUTP. The 
double-labelled DNA so produced by polymerase ac 
tivity can in turn be quantitatively determined in strep 
tavidin-coated ELISA plates. 

20 
and the coloration is measured at 405 nm alter an incu 
bation time of 30 min. 

5 Result 
a) Reaction mixture diluted reaction diluted reaction 

2 ;.tb of a DNA fragment of 356 bp in length are for witho?xgi‘gjmp Wm?‘ 1137221551? 
10 minutes and at 95° C. denatured in 15 [1.1 H20 2 P1 6 ‘L1 2 H1 6 H1 
and then immediately placed on ice. The following __O.013 0073 0.285 1094 
is pipetted to these 15 pl: 10 Sequence Erotocol, 

2 [.t1 Hexanucleotide Mixture in 10x reaction buffer 55 ID NO, 1 
(from Random Primed DNA Labelling Kit, Cat. Length ofsequence, 18 bases 
NO. 1004760, Boehringer Mannheim) Type of sequence: nucleotide 

2 pl 10x nucleotide-Mix $25312; jfrand= Strand 
1 pl Klenow-enzyme (from Random Primed DNA 15 ' 
Labelling Kit, Cat. No. 1004760, Boehringer GTCCCTGTFC GGGCGCCA 

Mannheim) 

SEQUENCE usrmo 

( 1 )GENERAL INFORMATION: 

( i i i )NUMBER OF SEQUENCESzl 

( 2 ) INFORMATION FOR seo ID N011; 

( i )SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 12 base pairs 
( B )T'YPE: nucleic acid 
( c ) STRANDEDNESS: single 
( o )roporoov: linear 

( i i )MOLECULE TYPE: DNA 

( x i )SEQUENCE oescmprron; SEQ ID NOzl: 

orcccrorrc GGGCGCCA 12 

_ _ 40 We claim: 

w X Nuclewde'M‘x‘ 32:11.}: i 1. Method for detecting polymerase activity in a sam 
dGTP 2 mM ple comprising the steps of: 
D'I'I‘P 1.75 mM a) combining a sample suspected of containing a poly 
DIGdUTP Q25 "1M merase with a template nucleic acid and mononu 
BwdUTP 125 “M 45 cleoside triphosphates to form an incubation mix 

ture, wherein said mononucleoside triphosphates 
The reaction mixture is incubated for 3 hours at 37° C. include a detectable mononucleoside triphosphate 
and then diluted 1:10 with TE buffer (10 mM Tris, I and a separate immobilizable mononucleoside tri 
mM EDTA). phosphate, wherein said immobilizable mononu 
A control reaction is subject to an identical proce- 50 cleoside triphosphate is now used as a detectable 

dure except that the mixture does not contain BiodUTP. label, 
. . . . .' . b incubatin said incubation mixture to inco orate 

b) Bmdmg of .the reactlon products. to Streptavldm m )the detectgable mononucleoside triphosphatrle and 
mlcrotlter plates and detectlon thereof the immobilizable mononucleoside triphosphate 

Portions of 2 pl and 6 p1 of the diluted reaction mix- 55 into a newly formed nucleic acid, 
ture containing 20 ng and 60 ng, respectively, of the c) contacting said incubation mixture with a solid 
DNA fragment used to the labelling reaction, contained phase which selectively binds the immobilizable 
in 200 pl TE-buffer, are transferred into streptavidin- mononucleoside triphosphate and the newly 
coated microtiter plates and incubated for one hour at formed nucleic acid in which the immobilizable 
37 ° C. 60 mononucleoside triphosphate is incorporated, 
The plates are then washed three times with 300 p1 d) separating said newly formed nucleic acid from 

PBS-buffer with 0.5 % (vol/vol) Tween 20. any unincorporated detectable mononucleoside 
Subsequently, 200 pl anti-digoxigenin-POD (150 triphosphate, and 

mU/ml, Cat. No. 1207733, Boehringer Mannheim) are e) detecting the detectable mononucleoside triphos 
added. After one hour three more washing steps, each 65 phate incorporated into the newly formed nucleic 
with 300 pl PBS buffer with 0.5% (vol/ vol) Tween 20, 
are carried out. Corresponding to the preceding exam 
ples, 200 pl ABTS ®-substrate solution are then added 

acid as a measure of the polymerase activity. 
2. Method according to claim 1, wherein the template 

nucleic acid is a DNA which contains a promoter 
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which is speci?c for the polymerase and the mononu 
cleoside triphosphates are ribonucleoside triphosphates. 

3. Method according to claim 1, wherein the template 
nucleic acid is a DNA and the mononucleoside triphos 
phates are deoxyribonucleoside triphosphates. 

4. The method according to claim 3, further compris 
ing adding an oligonucleotide to the incubation mixture, 
wherein said oligonucleotide is complementary to a part 
of the template nucleic acid. 

5. Method according to claim 1, wherein the template 
nucleic acid is an RNA and the mononucleoside tri 
phosphates are deoxyribonucleoside triphosphates. 

6. Method according to claim 1, wherein the template 
nucleic acid is an RNA which contains a primer struc 
ture and the mononucleoside triphosphates are ribonu 
cleoside triphosphates. 

7. Method according to claim 1, further comprising 
adding a polymerase inhibitor to the incubation mixture 
formed in step a). 

8. Method according to claim 1, wherein the poly 
merase to be detected is a reverse transcriptase. 

9. Method according to claim 8, wherein the reverse 
transcriptase is Human Immunode?ciency Virus (HIV) 
reverse transcriptase. 

10. Method for screening for the possibility of Human 
Immunode?ciency Virus (HIV) in a sample comprising 
the steps of: 

a) preparing a lysate from a sample in which HIV is 
suspected to be present, 

b) adding to the lysate a template ribonucleic acid, 
and monodeoxyribonucleoside triphosphates to 
form a mixture, wherein said monodeoxyribonu 
cleoside triphosphates include at least one detect 
able and at least one separate immobilizable mono 
deoxyribonucleoside triphosphate, wherein said 
immobilizable mononucleoside triphosphate is not 
used as a detectable label, 

c) incubating the mixture to incorporate the detect 
able monodeoxyribonucleoside triphosphate and 
the immobilizable monodeoxyribonucleoside tri 
phosphate into a newly formed nucleic acid, 

d) then transferring the mixture into a vessel which 
selectively binds the immobilizable monodeox 
yribonucleoside triphosphate and the newly 
formed nucleic acid in which the immobilizable 
monodeoxyribonucleoside triphosphate is incorpo 
rated, 

e) separating any excess detectable monodeox 
yribonucleoside triphosphate from the vessel, and 

t) detecting any detectable mononucleotide bound to 
said vessel as an indication of the possibility of the 
presence of Human Immunode?ciency Virus 
(HIV). 

11. The method according to claim 10, wherein a 
primer is added to the mixture before incubation. 

12. Method for determining the inhibitory effect of a 
substance on polymerase activity comprising the steps 
of: 

a) combining the substance with a polymerase in the 
presence of a template nucleic acid and mononu 
cleoside triphosphates to form an incubation mix 
ture, wherein said mononucleoside triphosphates 
includes at least one detectable and at least one 
separate immobilizable mononucleotide triphos 
phate, wherein said immobilizable mononucleoside 
triphosphate is not used as a detectable label, 

b) incubating said incubation mixture to incorporate 
the detectable mononucleoside triphosphate and 
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the immobilizable mononucleoside triphosphate 
into a newly formed nucleic acid, 

0) separating the newly formed nucleic acid from any 
non-incorporated detectable mononucleoside tri 
phosphates by contacting said newly formed nu 
cleic acid with a solid phase which selectively 
binds the immobilizable mononucleoside triphos 
phate and the newly formed nucleic acid in which 
the immobilizable mononucleotide is incorporated, 
and 

d) detecting the detectable mononucleoside triphos 
phate incorporated into the newly formed nucleic 
acid as an indication of the inhibitory effect of a 
substance on polymerase activity. 

13. Method for detecting an antibody to a polymerase 
in a sample comprising the steps of: 

a) combining the sample containing the antibody to 
be detected with a template nucleic acid, mononu 
cleoside triphosphates and a polymerase to form an 
incubation mixture, wherein said mononucleoside 
triphosphates include a detectable mononucleoside 
triphosphate and a separate immobilizable 
mononucleoside triphosphate, wherein said im 
mobilizale mononucleoside triphosphate is not used 
as a detectable label, 

b) incubating the incubation mixture to incorporate 
the detectable mononucleoside triphosphate and 
the immobilizable mononucleoside triphosphate 
into a newly formed nucleic acid, 

0) contacting the incubation mixture with a solid 
phase which selectively binds the immobilizable 
mononucleoside triphosphate including the im 
mobilizable mononucleoside triphosphate which is 
incorporated in the newly formed nucleic acid, 

d) separating the newly formed nucleic acid from any 
remaining detectable mononucleoside triphosphate 
and 

e) detecting the detectable mononucleoside triphos~ 
phate incorporated into the newly formed nucleic 
acids as an indication of the presence of said anti 
body. 

14. Method for detecting a promotor sequence in a 
sample comprising the steps of: > 

a) combining a sample suspected of containing the 
promotor sequence to be detected, with a detect 
able mononucleoside triphosphate, a separate im 
mobilizable mononucleoside triphosphate and a 
polymerase to form an incubation mixture, wherein 
said polymerase requires the promotor sequence to 
initiate a polymerase reaction, and wherein said 
immobilizable mononucleoside triphosphate is not 
used as a detectable label, 

b) incubating said incubation mixture to incorporate 
the detectable mononucleoside triphosphate and 
the immobilizable mononucleoside triphosphate 
into a newly formed nucleic acid, 

c) contacting the incubating mixture with a solid 
phase which selectively [and essentially com 
pletely]binds the immobilizable mononucleoside 
triphosphate and the newly formed nucleic acid in 
which the immobilizable mononucleoside triphos 
phate is incorporated, 

d) separating the newly formed nucleic acid from any 
remaining detectable mononucleoside triphos 
phate, and 

e) detecting the detectable mononucleoside triphos 
phates incorporated into the newly formed nucleic 
acid as an indication of the presence of a promotor 
sequence. 

* * * * * 


